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o(E) = S(E) 1/E exp(-2mn)

Astrophysical
S-factor

We have to determine the cross section within
the Gamow peak, around E, not down to kT
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lon T [keV] ) '°2T[E6 K] EG[keV]  DeltaG [keV] lonT[keV] lonT[E6K] EGkeV]  DeltaG [keV]
3.2018561 29.9301835 17.8697286 2 232018561 196098177 14.4643874
3 34.8027842 39.2196355 25.0530539 3 348007842 256961305 20.0788238
4 46.4037123 47.5112048 31.8402367 4 46.4037123 311286453 257726084
5 58.0046404 55.1318695 38.3472859 5 58.0046404 36.1215931 31.0396432
6 69.6055684 62.2572906 44.6394673 6 69.6055684 407900646 36.1327563
7 81.2064965 68.9956022 50.7584082 7 81-2064965 45'2049077 41.0856425
8 928074246 75.4193366 56.7328521 8 92.8074246 49.4136443 45.9215676
9 104.408353 81.5801293 62.5837697 O 104408353 534501055 50.6575063
10 116.009281 87.5163876 68.3270957 10 116000281 573394549 55 3063566
11 127.610209 93.2576584 73.9753222 11 127.610209 611010514 50.87823
12 139.211137 98.8272886 79.5384883 12 139211137 647501915 64 3812525
lonT[keV] lonT[E6K] EG [keV] DeltaG [keV] - .
2 232018561 38.948773 20.3849738 Te =20 - 140 Kelvin
3 34.8027842 51.0373308 28.5793846
4 46.4037123 61.8273232 36.3218941 .
5 580046404 71.7442533 43.7448399 Gamow energies: 20 - 130 keV
170(p,y)18F 6 69.6055684 81.0167126 50.9226743 (these are the accelerator energies to compare to)
7 81.2064965 89.7854183 57.9028839
8 92.8074246 98.1447579 64.7182577
9 104.408353 106.161926 71.3927185
10 116.009281 113.886903 77.9444436
11 127.610209 121.358139 84.3876835
12 139.211137 128.606015 90.7338905 (Preselected reactions with radioactive product)







NIF energy range could be relevant for novae and Big Bang?




Courtesy of Frank Timmes







Underground at'Gran Sasso National Laboratory
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48 H. Costantini et al. / Physics Letters B 482 (2000) 4349

S(E) (MeV b)

E,. (keV)

Fig. 2. S(E) factor data for the d(’He,p)*He reaction from previous work ( [4]: open points; [7] : open diamonds; [18] : open squares),
nonnalized by a fitting procedure, and present work (filled-in points). Accidental and systematical errors, added in quadratures, are shown
only for a few points. The dashed curve represents the S(Z) factor for bare nuclei and the solid curve that for shielded nuclei with U, =

132 eV.

Often approximated as

F(E) = exp {m(E)
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experimental >> adiabatic

Problem exists; but at NIF we would be looking at an even different physics case:

Electron screening in a dense plasma

Slide borrowed from F.Raiola
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1.247822 1.084593
1.128077 1.054784
1.081422 el For adiabatic limit
1.057609 1.03176 =
1.043529 1.02614 U, =0.182 keV
1.03439 1.022166
1.028061 1.019211
1.023464 1.016929
1.02 1.015115
1.017313 1.01364
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U= 340=14 eV
Ta target

S(E) [keV b]

F.Raiola et al., Eur. Phys. J. A13(2002)377

(from UaGreife et alf»1995) Suggests Debye model treatment

(= a factor 2 not known!!)




- exceptions: group 13 (B = insulator) and group 14 (C, Si, Ge = semiconductors)

- large effect ~ 300 eV <

< small'effect ~ 30 eV <

metals with low “H solubility” (1/x)
metallic character retained during implantation with D

metals with large “H solubility”
metallic character lost during implantation with D
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‘Be(p,a)bLi and °Be(p,d)®Be reactions
[D. Zahnow et al. Z. Phys. A359 (1997)211]

Electron screening.in the laboratory only measured by one group
and not that well understood so data from a different approach would be interesting




14.4 104 J 7.2104J

more realistic ? a =4 ?
eg=2104J

This leaves for heating in Direct Drive ; Indirect Drive




1.56 keV (kT = 1 keV)
KT =10 keV

3.86 keV (kT = 2.57 keV)
kT = 25.7 keV

| took the burn time of 1 psec from the dt capsules and a factor 20 compression,
this may be just a lower limit




3He(*He,y)’Be
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kT [keV] yield/shot [pt=tke

gl - Hard, but may be feasible

3.86E+04 . . . .
9.19E+04 with direct drive in the

o=l upper part of the interval
3.83E+05
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28.11194 4.34E+03 1.727748
36.83706 6.84E+05 1.346691
44.62492 1.64E+07 1.213283
51.78263 1.56E+08 [ I 1.148361

KT [keV] WP yield/shot SR (2000 g/cm?) [RRNE

70.83764 1.03E+10 1.070742
76.62417 2.65E+10 1.058955

82.1998 5.96E+10 1.050125
87.59229 1.21E+11 1.043305
92.82357 2.26E+11 1.037907
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Radchem Gas Collection System using existing NIF Chamber Vacuum System

Existing NIF Chamber
Vacuum System @
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We have to get the stuff out to get low background measurements!



Be:
T,,=53.3d

v energy: 0.478 MeV (10%)

Fig. 1: Background spectra of a 20% Germanium detector unshielded (blue) and shielded (~10 cm low
background lead) at the Colorado School of Mines. The low energy background peak in the shielded
configuration is at 460 keV and will not interfere with our 478 keV peak.

For our 20% (compared to a 3” x 3” Nal) Germanium detector, we assume in the following: a 1 %
detection efficiency for the 478 keV gamma photon at minimal distance to the detector surface. Fig. 1
shows background spectra with unshielded (background situation roughly like for in-situ measurement) and
shielded (low background lead) configurations with the Colorado School of Mines detector.

In our area of interest (5 channels added up to cover the approximate 478 keV peak region) we saw &

background of 0.02 counts per second in the shielded configuration. Performing a 10000 second long

measurement of the wear debris, we would encounter a b ackground of 200 counts with a statistical

variation of o = sqrt(200) = 15 counts. In order to determine the possible resolution we assume that a 20

signal above background is detectable translating into 30 counts in 10000 seconds or a count rate of 0.003

counts/sec. Factoring in the detector efficiency results in 0.3 gamma emissions/sec as our resolution limit.
activity of our wear debris or a 'Be content of 2%10 atoms.
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It is getting difficult.........
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Other viable (radioactive reaction product produced in sufficient quantities at NIF ion
temperatures) reactions with the same interplay of direct capture and narrow resonances
at low (never before measured energies) are: *'Ne(p,y)*’Na (a very strong candidate due
to unmeasured resonance at 94 keV), **Na(p,y)*Mg (difficult due to radioactive target),
*Mg(p,y)”Al and *Mg(p,y)*°Al (reaction to *°’Al_ can be detected).







103

® present measurements
B Rath

B Sanada
A

v

Werby
Dixon
fit by Rath

—_——_—

1.0
Center of Mass Energy (MeV)




Stopping Power dE/dx

120 L | ! L LA | ! LI | ! L L |

110d| —— ATIMA i

100 SRIM 2000 :
] | R SRIM 2003 % }

90| MSTAR -
1| = this exp.

Stopping Power [eV/10"™/cm?]

. 1
Energy Per Nucleon [MeV/u]



















